Abstract Stimulant drug use is associated with numerous health problems among men who have sex with men (MSM). This paper describes how stimulant drug use changes over a four and one-half year period from 2003 until 2008. Participants were 2,389 men (17,222 person-visits) from The Multicenter AIDS Cohort Study (MACS)-an ongoing, prospective study of HIV infection among MSM. Groupbased trajectory analyses of data from these men over the study period yielded a four groups solution: consistent users (9.8%), men whose use increased (5.4%), men whose use declined (6.9%), and abstinent or rarely-using men (77.9%). There were significant differences between groups in terms of demographic, behavioral risk and HIV serostatus. Men who increased or decreased stimulant drug use over time reported congruent changes in sexual risk taking. The fact that sexual risk levels parallel stimulant drug use over time suggests that finding ways to lower rates of stimulant drug use among MSM could be a tool in HIV prevention.
Introduction
Stimulant drug use, including methamphetamine use, is associated with numerous health problems among men who have sex with men (MSM). Although research on the health outcomes of stimulant drug use among MSM has primarily focused on risks for HIV seroconversion [1] [2] [3] [4] [5] , additional research has identified associations between stimulant drug use and infection with other sexuallytransmitted infections [6] [7] [8] [9] , mood disorders [10, 11] , violence victimization [12] , tooth loss and other dental problems [13, 14] , as well as poor social functioning and downward social mobility [10, 11] . The general recognition of the many serious health problems associated with the varying forms of stimulant drug use has been the source of ongoing calls for interventions to lower this form of drug use among MSM and other populations [15] .
Although a cluster of health problems associated with stimulant drug use has been characterized, descriptive studies of how patterns of stimulant drug use may change over time among MSM have only rarely been attempted (see, for example, Colfax et al. [16] ). This is somewhat surprising in that ''natural history'' descriptions of patterns of use of stimulant drug use over time could provide valuable guidance in efforts to prevent the harmful effects of drug use among MSM. For example, identification of the characteristics of men most vulnerable to heavy use would help in the construction of targeted community-based prevention campaigns. More rigorous description of the health problems associated with heavy stimulant drug use might help motivate men to carefully monitor their stimulant drug use, or even decide to forego drug use initiation. Furthermore, identification of whether men's HIV risk profile lessens after discontinuance of use might motivate frequent users to end or reduce substance use. Conversely, the study of ''resiliency'' factors that prevent problematic use of drugs or predict recovery from abuse might provide insights important to improving the efficacy of interventions designed to lower drug-related health and social problems among MSM. This paper will describe patterns of stimulant drug use among men participating in the Multicenter AIDS Cohort Study (MACS) over a four and a half year period of time from October 2003 through March 2008. The MACS is a large multi-center observational study of HIV risk among MSM that also administered a detailed battery of drug use questions. Notably, the study period for this analysis was one in which numerous alarms were raised about rising rates of stimulant drug use among MSM as well as harm associated with stimulant drug use [17] [18] [19] . We use data from the MACS to characterize patterns of stimulant drug use from 2003 to 2008, to identify the men who are most likely to initiate stimulant drug use over time as well as those who reduce or stop use and to determine whether changing patterns of use over time are associated with differential HIV risk outcomes.
Methods

MACS Background
The MACS is an ongoing, prospective study of the natural history of HIV infection among MSM in the United States. A total of 6,973 men were enrolled during the history of the project: 4,954 men in 1984-1985, 668 in 1987-1991, and 1,351 in 2001-2003 at four centers located in Baltimore, MD/Washington DC; Chicago, IL; Los Angeles, CA; and Pittsburgh, PA. The study design has been described previously [20] [21] [22] and only methods relevant to the present study are described here. The study questionnaires are available at http://www.statepi.jhsph.edu/macs/forms.html. The MACS study protocols were approved by institutional review boards of each of the participating centers, and their community affiliates, and informed consent was obtained from all participants. Data from the MACS cohort have been the source of numerous papers on the interconnections between substance use and high risk sexual behavior (see, for example, Ostrow et al. 2000 [23] ) and the relationship between non-intravenous substance use and HIV seroconversion among MSM [5, 24] .
Participants returned every 6 months for a detailed interview, physical examination, and collection of blood for laboratory testing and storage. The interview included questions about medical conditions, medical treatments, sexual behavior, and recreational drugs (e.g., marijuana, poppers, cocaine, crack, heroin, methamphetamine, ecstasy) as well as alcohol consumption. All questions concerning sexual and drug use behaviors were assessed using audio computerassisted self interviewing (ACASI), a methodology shown to yield more accurate assessments of ''sensitive behaviors'' than interviewer-administered questionnaires [25] .
This analysis follows stimulant drug use from semiannual visits 40 (data collection starting in October 1, 2003) through visit 48 (data collection ending in March 31, 2008) of the MACS. We selected visit 40 as the baseline for this analysis since the sample size reached its maximum size at visit 40 after the most recent expansion of cohort between 2001 and 2003. To be included in the analysis, participants must have had at least one male sex partner during the study period and data about stimulant drug use for at least two visits during the study period. Of 2,750 men who participated in the MACS between visits 40 and 48, 2,389 responded to questions regarding stimulant drug use at least two times during study period and had at least one male sex partner. The study sample included 2,389 male participants contributing 17,222 person-visits. The median number of observations in our study period per participant was 8 (range 2-9).
Measurement of Key Variables
Stimulant Drug Use
Study participants reported considerable overlap in use of varying kinds of stimulant drugs over the study period. This analysis will describe patterns of use of stimulant drugs as a whole, since attribution of health or behavioral outcomes to any one drug category among a group of men who commonly use multiple forms of stimulant drugs would be beyond the scope of the available data. Participants were considered to be users of stimulant drugs if they reported the use of any of the following drugs in the previous 6 months during the 4 year follow-up period: (1) crack cocaine, (2) other forms of cocaine, (3) methamphetamines (or speed, meth or ice), and (4) other recreational drugs such as ''ecstasy'' or MDMA (3,4-methylenedioxy-N-methylamphetamine).
Sociodemographic Characteristics
Baseline data at visit 40 were used to define dichotomous analysis variables for race (white/non white) and education (college graduate/less than college graduate). Self-reported annual gross income in the past year was dichotomized as more than $50,000 or not, and a summary variable was created to indicate if a participant had earned more than $50,000 at any visit during the study period.
Sexual Risk-Taking
At each visit, the number of anal sexual partners with whom the participants reported always using a condom was subtracted from the total number of partners for each respective activity (receptive or insertive) to obtain the number of partners with whom the participant engaged in unprotected anal sex. Sexual risk-taking was measured by counting the number of unprotected anal intercourse insertive partners and the number of unprotected anal intercourse receptive partners over the past 6 months.
Alcohol Use
Alcohol use was measured using questions about frequency of drinking and average number of drinks the participant consumed during drinking occasions since the last visit. Binge drinking was defined as 5 or more drinks per occasion occurring at least monthly.
Tobacco Use
Participants were considered to be current smokers if they responded yes to a question asking about any cigarette consumption in the past 6 months.
HIV Serostatus
At each visit, HIV serostatus was determined using an enzyme-linked immunosorbent assay with confirmatory western blot tests on all participants not previously documented by the study to be HIV infected. By visit 48, 1,207 men (50.5%) remained HIV-negative and 1,182 (49.5%) were HIV seropositive. A total of 39 men seroconverted between visits 40 and 48; these men were included among the HIV seropositives for this analysis.
Approach to Data Analysis
Three data analytic procedures were used to accomplish the study goals: (A) group-based trajectory analyses; (B) analysis of variance (ANOVA) and v 2 tests to examine trajectory group differences in demographic and substantive variables; and (C) individual trajectory modeling to examine change in sexual risk-taking over time within and between trajectory groups. First, a semi-parametric, group-based approach was used to identify clusters of individual growth trajectories of stimulant drug use [26, 27] . Trajectories were modeled as a function of visit by using the SAS PROC TRAJ software (SAS version 9.2, Cary, NC), available online at http://www. andrew.cmu.edu/user/bjones/index. Individuals with missing observations were included because PROC TRAJ uses all values available from each case to estimate an individual's trajectory. A logistic model was used because stimulant use is a binary variable. Selection of optimal number of trajectory groups was guided by Nagin's criteria: (1) substantive theory, (2) Bayesian Information Criteria (BIC), (3) Average Posterior Probabilities (AvePP), and (4) group size. After the optimum number of trajectory groups was selected, we determined the trend of each group (e.g., linear, quadratic, cubic). We tested models from two to five group solutions, in which the BIC continued to improve from the two group through to the four group solution. However, the five group solution did not converge. We therefore used the four group solution for this analysis.
Chi-square tests and ANOVA were used to test group differences in demographic, behavioral, and psychosocial characteristics (see Table 2 ). To summarize results of the continuous variables across visits, mean scores of these measures of interest (e.g., number of drinks, number of male intercourse sexual partners) across visits were calculated. For dichotomous variables (e.g., current smoker, binge drinking), summary variables were created to denote whether participants ever reported such behaviors at any visit during the study period. Last, we used growth curve modeling (PROC MIXED, SAS version 9.2) to predict the longitudinal change in number of unprotected insertive anal sex partners (NUAII) and number of unprotected receptive anal sex partners (NUARI) over 4 years using stimulant drug use trajectories as a predictor [28, 29] .
Results
At visit 40, the men included in this analysis of the MACS cohort had a mean age of 47, with 6% of the men 29 years of age or younger, 17% between the ages of 30 and 39, 38% between the ages of 40-49, 29% between the ages of 50 and 59 and 10% age 60 or older. The men were predominately Caucasian (64%), with the remainder identifying as an ethnic/racial minority (25.5% African American, 9.8% Latino/Hispanic and 1.4% mixed or other). Nearly half (48%) of the men were HIV seropositive by visit 40. The sample reported predominantly middle range incomes, with 46% reporting annual incomes of less than $30,000, 20% reporting incomes between $30,000 and $50,000, with the remaining 34% reporting incomes greater than $50,000. The sample as a whole was highly educated, with only 6% reporting less than a high school education, 14% reporting a high school education, 27% reporting at least 1 year of college but no degree, and 52% reporting a college degree or post-graduate education.
To What Extent Does Use of Varying Kinds of Stimulant Drugs Overlap Over Time Among MSM? Table 1 illustrates the substantial overlap of various stimulant drugs reported by MACS participants between visits 40 and 48. For example, among the methamphetamine users, nearly half (45%) had used crack or powder cocaine and 40% reported using MDA/MDMA. Only 27% of the methamphetamine users were exclusive users of only that drug, while 73% of methamphetamine-using men used two or more stimulant drugs. Use of multiple kinds of stimulant drugs was even greater among men who reported any crack, cocaine or MDA use.
How Do Patterns of Stimulant Drug Use Change Over Time Among MSM?
We next turned to the question of how patterns of use changed over the 4-year period. The group-based analysis yielded a solution that identified four groups (see Fig. 1 ). These groups include a group of men who were consistent users of stimulant drugs over time (9.8% of the cohort, n = 234), a group of men whose use increase over time (5.4% of the cohort, n = 129), a group of men whose use declined over time (6.9% of the cohort, n = 165) and a group of abstinent or rarely-using men (77.9% of the cohort, hereafter described as the ''no use'' pattern, n = 1861). The AvePP for the four-group model ranged from 0.79 to 0.99. These scores indicate that 79-99% of individuals were correctly assigned to different groups.
Are There Demographic or Behavioral Differences on Intake Between Men Who Subsequently Report Varying Drug Use Patterns Over Time?
Describing the characteristics of men who subsequently reported varying patterns of stimulant drug use is useful because it identifies those men who are most vulnerable to frequent use of stimulant drugs. The characteristics of men who reported varying patterns of stimulant drug use over an ensuing 4 year period are give in Table 2 . Men who exhibited any use of stimulant drugs were significantly younger than men who reported no use of stimulant drugs (t = 8.51, P \ 0.001). There were significant differences across the different drug-using groups in terms of racial background (v 2 = 72.54, P \ 0.001), educational attainment (v 2 = 54.81, P \ 0.001), income (v 2 = 35.05, P \ 0.001), and HIV serostatus (v 2 = 46.85, P \ 0.001). Table 1 Participants who reported using specific stimulant drugs at any visit also reported using other stimulant drugs during the study period Men who reported decreasing stimulant drug use patterns reported greater numbers of alcoholic drinks per week than did men who reported no stimulant drug use (t = 4.28, P \ 0.001) and men who increased stimulant drug use (t = 2.91, P = 0.037). Men in the consistently high use group reported higher drinking levels than did men in the no use (t = 4.58, P \ 0.001) and increasing use categories (t = 2.85, P = 0.044). Men in the consistently high group reported significantly greater numbers of unprotected insertive and receptive partners than the no use group (t = 4.33, P \ 0.001 and t = 5.70, P \ 0.001, respectively).
Do Men with Different Substance Use Patterns Over
Time Report Differences in Sexual Risk-Taking Over Time? Table 3 gives intercept estimates for measures of sexual risk-taking at visit 40 as well as slope estimates for how these behaviors changed over time. Thus, the intercept estimates give health profiles of the men at intake; the slope values provide estimates of how health profiles changed over time among men in the varying drug use groups. Table 3 reports whether the average intercept and slope values for men in the ''Increasing'', ''Decreasing'' and ''Consistently high'' groups were significantly different from men in the ''No Use'' reference group. Consistently high users of stimulant drugs reported 2.63 greater number of unprotected insertive anal sex partners than non-users at visit 40 (t = 6.95, P \ 0.001). There were no significant differences in NUAII between the other groups compared to non-users at visit 40. Men in the decreasing group and the consistently high group reported 2.01 and 1.89 more NUARI partners respectively compared to non-users (t = 5.68, P \ 0.001 and t = 6.23, P \0.001, respectively). In terms of change in risky sexual behavior over time, men who were classified as decreasing use of stimulant drugs over time reported a significant reduction in unprotected receptive partners over time compared to the men who were not using stimulant drugs (reduction of 0.24 partner compared to the no use group, t = 4.93, P \ 0.001). Similarly, men in the increasing group reported significantly greater numbers of unprotected receptive partners over time compared to the men who did not use stimulant drugs (t = 2.49, P = 0.013). There was a very small, non-significant reduction of NUARI among the consistently high users compared to non-users over time (t = 0.55, P = 0.583). Thus, in terms of sexual risk taking, men who increased or decreased stimulant drug use over time reported congruent changes in sexual risk taking over the same time period. There was minimal reduction of sexual risk-taking behaviors among those men who reported consistently high stimulant drug use over this same time period.
Discussion
This analysis of data from the MACS cohort shows that MSM exhibit remarkably different patterns of stimulant drug use over time. By far the modal pattern of ''use'' of these drugs is no use at all, with 78% of the sample reporting no or rare use of stimulant drugs over a four and a half year period, 5.4% reporting increasing use and an additional 6.9% reporting decreasing use, and 9.8% consistently reporting consistent high use. The dominance of abstinence (or near abstinence) from all of these forms of stimulant drug use was evident even during an historical period in which a widespread epidemic of stimulant drug use, and particularly methamphetamine use, was reported to be in force among MSM [17] [18] [19] . Despite the dominant patterns of abstinence from stimulant drug use within the entire MACS cohort, it is nonetheless true that prevalence of stimulant use among men in the MACS cohort appears to be far greater than that found in the general population of men in the United States [30] and that stimulant drug use has been associated with important health problems among gay men and other at-risk populations.
Among men who reported use of these drugs, those who used any one stimulant drug were highly likely to use other stimulant drugs, so that there are relatively few men who are exclusive users of, say, cocaine or methamphetamines alone. Furthermore, among the men who used stimulant drugs over this 4 year period, men were only somewhat more likely to report levels of consistent frequent use or increasing use over time (*15% of the men in the cohort) as declining use over time (*7% of the men in the cohort). Men who discontinued stimulant drug use reported a statistically significant attenuation of risky sexual practices over time and men who increased stimulant drug use reported increasing levels of sexual risk-taking, compared to men who did not use stimulant drugs at all. The fact that men who reported any stimulant drug use were only somewhat less likely to report declining use as they were to report frequent or increasing use suggests that there may be strong tendencies toward self-control of stimulant drug use among MSM. The fact that sexual risk levels parallel stimulant drug use over time suggests that finding ways to lower rates of stimulant drug use among MSM could be a potent tool in HIV prevention efforts, as well as in the prevention of other health problems associated with stimulant drug use. It is also important to remember that while ongoing analyses of cohort studies using biological endpoints report that stimulant drug use is closely associated with a sizeable proportion of HIV seroconversions [4, 24] , other important phenomena are also in play to drive HIV risk among MSM that are probably independent of substance use [31] . Addressing prevention needs that are associated with substance use and those that are largely independent of substance use will be important to forging effective prevention models for MSM. In addition, the fact that the men in this analysis who were most likely to be stimulant drug users were younger suggests that prevention and treatment programs should be designed to be especially welcoming to younger men.
The data described here were all collected as part of the ongoing MACS cohort study, and so are susceptible to The significance values in these columns reflect tests between each group and the no use comparison group * P \ 0.05, ** P \ 0.01, *** P \ 0.001 biases that result from participation in ongoing cohort studies as well as possible self-report biases. Furthermore, this analysis reports data for a four and a half year period of time in these men's lives. Longer periods of measurement of stimulant drug use in the cohort, or measuring stimulant use during a different four and a half year period might reveal different trajectories of drug use. These design properties of the MACS might be expected to bias estimates of varying rates of distinct drug use patterns over time. That is, cohort, aging, mortality, drop-out, self-report and long term measurement effects might work to produce low-end estimates of long-term heavy drug use over long periods of time, although cohort, aging and mortality effects would be observed among any group of people followed over time. In addition, the measurement approaches used in this study do not allow us to demonstrate that stimulant drug use preceded risky sexual behavior. However, if the trends reported here represent broader drug use patterns found among MSM over time, it seems clear that important tendencies toward moderate or abstinent drug use exist among MSM, and that further study of patterns of resilience against frequent drug use might inform the design of intervention programs to reduce substance abuserelated harm among gay men in important ways. To expand on this last point, while a classical analysis of drug use patterns within a high risk population might be to focus on the men who report heavy drug use or initiate heavy drug use over time, in the MACS, such men account for only about 15% of the cohort. Thus, an analysis that focuses exclusively on describing patterns of heavy or problematic use of stimulant drugs would work, in practice, to relegate 85% of the sample that either never used these drugs frequently, used them infrequently or moved towards discontinuance of use to that of a comparison group used to highlight the characteristics of men given to problematic substance use. Marginalizing the experiences of men who do not manifest heavy drug use patterns over time to that of a comparison group function may blind us to the discovery of useful self-regulation strategies that work to prevent the onset of problematic drug use careers. The dominant patterns of abstinence and the important tendency towards discontinuance of use may suggest that, in a social context where there may be strong pressure and ample opportunities to use stimulants, MSM have developed strong monitoring skills to resist not only uptake but also frequent use of stimulant drugs. However, factors that promote successful self-monitoring or even discontinuance of stimulant drug use are typically understudied in descriptions of substance abuse careers among MSM.
This latter point is important in terms of examining the logic of intervention design to prevent substance abuse within communities of high risk individuals. One path to intervention design would be to identify the characteristics of individuals who manifest substance abuse careers, find ways to address the factors that make such individuals vulnerable to the development of substance abuse careers, and then test interventions that are based on a vulnerability analysis. However, another approach to intervention design might be to understand the factors that underlie resilience among the men who never used stimulants, moderated their use or never used the drugs frequently, find ways to incorporate these strengths into intervention design for high risk men, and then test these interventions. Put another way, should the design of interventions to prevent problematic substance abuse be based on the experiences of the small proportion of men who manifest problematic drug abuse careers (in the case of the MACS cohort, approximately 15% over a 4 year period) or on the far larger group of men who do not manifest these problems at all over an extended period of time? Would interventions be most effective if they are based on an analysis of vulnerability or of resilience?
This last question, of course, may present a false dichotomy in terms of the logic of intervention design. Although important interventions have been developed to promote gay men's health, and a growing number of these programs yield efficacious effects in randomized controlled trials, the dominant approach to these intervention designs has been based on vulnerability analyses. Research that is designed to identify strengths that gay men exhibit in the face of drug abuse epidemics may yield insights that would be central to the design of interventions with increased potency to control harm associated with substance abuse epidemics among MSM. To the extent that HIV risk and stimulant drug use are linked among MSM, these interventions would also serve an important function in reducing HIV transmission among MSM. Such research might include qualitative research to understand how men themselves manage their risk for problematic drug use, work that would turn these insights into theoretical statements, and thus provide a blueprint to explain both resilience and vulnerability to substance abuse careers among MSM. Testing of new theory to explain resilience against the development of a substance abuse career might in turn result in new methods to support resolution of these careers. While this approach may seem quite novel, the analysis of the MACS data presented here would suggest that strength-based approaches to substance abuse prevention efforts might well be a useful addition to the more classical vulnerability-based approaches to intervention design for MSM.
tireless advocacy for HIV infected men improved the lives of countless people. His dedication and constant smile were an inspiration to all who knew him.
